Introduction: Racial/ethnic groups appear to differ on quit success and withdrawal is a key factor in cessation failure, yet little is known about racial/ethnic differences in withdrawal symptoms. This study of US adults examined racial/ethnic differences in current smokers' report of withdrawal symptoms and the relationship between withdrawal symptoms and quitting smoking 3 years later. Methods: Using data from the National Epidemiologic Survey on Alcohol and Related Conditions (Wave 1, 2001(Wave 1, -2001 Wave 2, 2004 Wave 2, -2005, analyses were conducted on participants who identified as non-Hispanic White, non-Hispanic Black, or Hispanic; reported current cigarette smoking at Wave 1; and provided smoking status information at Wave 2 (n = 7981). Withdrawal symptoms during past quit attempts were assessed at Wave 1. Results: Among Wave 1 current smoking adults, non-Hispanic White respondents were more likely than non-Hispanic Black and Hispanic respondents to report experiencing at least one withdrawal symptom, seven out of eight withdrawal symptoms, withdrawal-related discomfort, and withdrawal-related distress (ps < .0001). While withdrawal symptoms were associated with a lower odds of quitting smoking for all groups, a stronger relationship between number of symptoms and lower odds of quitting was evident among non-Hispanic White compared to non-Hispanic Black respondents (interaction β = 0.065, p = .0001). For non-Hispanic White participants, each additional withdrawal symptom was associated with a 6% decrease in the odds of quitting. Conclusions: Withdrawal symptoms were more commonly reported by non-Hispanic White adults than non-Hispanic Black and Hispanic adults and appeared to have a greater impact on failure to quit smoking for non-Hispanic White compared to non-Hispanic Black adults. Implications: To our knowledge, this is the first study to use prospective, longitudinal data to examine the relationship between race and withdrawal symptoms and the impact of withdrawal symptoms on quitting smoking among adults in the United States. Non-Hispanic White adults were more likely to report withdrawal symptoms and there was a stronger relationship between greater number of
withdrawal symptoms and lower odds of quitting for non-Hispanic White adults compared to non-Hispanic Black adults. Developing a better understanding of racial/ethnic differences in withdrawal and cessation can help to tailor efforts to improve outcomes for smokers in various racial/ethnic groups.
Introduction
Smoking behaviors differ by race and ethnicity in the United States. Smoking is more common among non-Hispanic White (18.2%) and non-Hispanic Black (17.5%) adults than Hispanic adults (11.2%). 1 Further, non-Hispanic Black adults are more likely to report interest in quitting smoking (75.6%; non-Hispanic White, 69.1%; Hispanic, 61.0%) but less likely to report successful cessation (3.3%; non-Hispanic White, 6.0%; Hispanic, 9.5%). 2 In order to improve cessation outcomes across racial/ethnic groups, it is important to understand racial/ethnic differences in variables that impact quit success.
Many quit attempts fail during the first week when withdrawal symptoms are strongest. 3, 4 The few studies that have examined race/ ethnicity and withdrawal report some group differences. Among 1007 current smokers 5 , non-Hispanic White adults reported a greater number of withdrawal symptoms than non-Hispanic Black adults (M = 4.40, SD = 2.17 vs. M = 3.0, SD = 2.02; p = .001). Similarly, non-Hispanic White adolescents reported a greater number of withdrawal symptoms than non-Hispanic Black adolescents (M = 2.76, SD = 2.10 vs. M = 1.15, SD = 0.99; p < .05) and were more likely to report difficulty concentrating and restlessness. 6 One study of non-Hispanic White (n = 118), non-Hispanic Black (n = 178), and Hispanic (n = 28) daily smoking adults found no differences in overall withdrawal after 16 hours of abstinence, although non-Hispanic Black and White participants reported greater abstinence-related increases in smoking urges than Hispanic participants. 7 Further, non-Hispanic Black participants demonstrated greater abstinencerelated decreases in positive affect. While a second study also found no significant differences in self-reported withdrawal symptoms after 12 hours of abstinence by non-Hispanic White (n = 99) versus non-Hispanic Black (n = 104) adults, non-Hispanic White participants reported a greater change in abstinence-related cravings than non-Hispanic Black participants. 8 Further, non-Hispanic Black participants reported greater withdrawal symptoms compared to nonHispanic White participants when not abstinent from smoking. One smoking treatment study reported no difference in the association of withdrawal and smoking relapse by race/ethnicity. 9 While initial data suggest racial/ethnic differences in withdrawal, no study to date has used longitudinal data from a large sample of US adults to examine racial/ethnic differences in the report of withdrawal or, importantly, the relationship between withdrawal and quitting smoking. We used two waves of data from a nationally representative sample of US adults to examine (1) self-reported withdrawal symptoms by race/ethnicity and (2) racial/ethnic differences in the associations between self-reported withdrawal and smoking cessation, versus continued smoking, 3 years later.
Methods

Participants and Procedures
Data came from the National Epidemiologic Survey on Alcohol and Related Conditions (NESARC; Wave 1, 2001 Wave 1, -2002 , n = 43 093; Wave 2, 2004 Wave 2, -2005 , n = 34 653). Face-to-face interviews were completed using the Alcohol Use Disorders and Associated Disabilities Interview Schedule-DSM-IV (AUDADIS-IV 10, 11 ) with noninstitutionalized US adults, aged 18 years and older. Non-Hispanic Blacks, Hispanics, and young adults (aged 18-24) were oversampled. See Grant et al. 12, 13 for more details about the NESARC. The analytic sample for the current analyses were respondents who identified as non-Hispanic White, non-Hispanic Black, or Hispanic; reported 100 or more lifetime cigarettes and current cigarette smoking at Wave 1; and provided Wave 2 smoking status information (n = 7981). While it is important to examine other racial/ethnic groups, including groups who report some of the highest smoking prevalences (eg, American Indian, more than one race 1 ), these groups could not be included in the analyses due to insufficient sample sizes.
Measures
Smoking Status
Respondents were classified as Wave 1 current smokers if they reported smoking at least 100 lifetime cigarettes ("In your entire life, have you ever smoked at least 100 cigarettes?") and any smoking during the year prior to the Wave 1 interview ("When was the most recent time you smoked cigarettes?"). Smoking status at Wave 2 was categorized into two mutually exclusive groups. Wave 1 smokers who denied past-year cigarette use at Wave 2 were considered to have quit smoking and those who reported any past-year cigarette use at Wave 2 were considered to be continued smokers.
Withdrawal
At Wave 1, respondents were asked if they experienced each of eight withdrawal symptoms (depression, sleep problems, difficulty concentrating, increased appetite, irritability/frustration, anxiety/nervousness, heart beating more slowly, restlessness) when attempting to quit smoking during the past 12 months (Yes/No; range = 0-8).
Respondents who reported at least one withdrawal symptom were classified as endorsing "any withdrawal symptoms." Respondents were also asked whether withdrawal symptoms over the past 12 months caused "withdrawal-related discomfort" (discomfort, distress, or impairment due to withdrawal symptoms; Yes/No) or "withdrawal-related relapse" (if they used cigarettes to avoid withdrawal symptoms; Yes/No).
Demographics
Consistent with previous work, 14 demographics were categorized as: race/ethnicity (non-Hispanic White, non-Hispanic Black, Hispanic), gender (male, female), age (18-29, 30-44, 45 and older), education (less than high school, high school graduate, attended/completed college), and marital status (married or living as married, not married).
Psychiatric and Substance Use Disorders
At Wave 1, respondents were classified as either having or not having a lifetime diagnosis of a mood disorder (major depressive disorder, dysthymia, manic disorder, or hypomanic disorder), anxiety disorder (panic disorder, agoraphobia, social phobia, post-traumatic stress disorder, or generalized anxiety disorder), alcohol use disorder (abuse and/or dependence), and substance use disorder (nicotine, cannabis, heroin, cocaine, hallucinogen, sedative, tranquilizer, opioid, or inhalant use disorder).
Statistical Analyses
The current analyses were conducted using STATA 15 and weighted analyses to account for nonresponse, sample attrition, and residual differences between the sample and the population based on the 2000 United States Population Census. The weighted Wave 2 data represent the same baseline population as Wave 1.
Frequencies of demographics and withdrawal-related variables were calculated to compare differences among racial/ethnic groups: non-Hispanic White, non-Hispanic Black, and Hispanic. Standard errors were computed using Taylor series linearization and bivariate frequencies were tested using Rao Scott chi-square tests to account for complex survey design. Statistical tests were two-tailed and differences were considered significant when p is less than .05.
A series of logistic regression models were run to estimate the association between the Wave 1 withdrawal variables (any withdrawal symptom, cumulative withdrawal symptoms, withdrawalrelated discomfort, and withdrawal-related relapse) and quitting smoking (vs. continued smoking) at Wave 2. A series of models were run to examine these associations with and without adjustment for demographics, smoking, and comorbidities that differed by race/ethnicity as identified in Table 1 . First, unadjusted odds ratios (ORs) were calculated. Then, the models were adjusted for smoking frequency at Wave 1; demographic covariates; and lifetime mood, anxiety, alcohol use, and substance use disorders. An additional model tested for statistical interaction between withdrawal variables and race/ethnicity. If the interaction parameter estimate was significant, a fifth set of models were run, adjusting for all covariates and stratified by race/ethnicity. ORs and 95% confidence intervals (CIs) were calculated for each model and were considered to be statistically significant if the 95% CI did not include 1.0. Global model fit was tested using Wald chi-square tests.
Results
Sample Characteristics
See Table 1 for the Wave 1 demographic characteristics, psychiatric and substance use disorder covariates, and smoking quantity for the full analytic sample and by race/ethnicity.
Self-reported Withdrawal Symptoms at Wave 1
Non-Hispanic White respondents reported more withdrawal symptoms on average (M = 2.3, SE = 0.05) than non-Hispanic Black (M = 1.5, SE = 0.06) and Hispanic (M = 1.5, SE = 0.08) respondents (p < .0001). Non-Hispanic White respondents were more likely to report experiencing at least one withdrawal symptom, seven of eight withdrawal symptoms (all except "heart beat slower"), withdrawalrelated discomfort, and withdrawal-related distress compared to non-Hispanic Black and Hispanic respondents (Table 1) .
Self-reported Withdrawal Symptoms at Wave 1 and Smoking Status at Wave 2
The report of (1) any withdrawal symptom, (2) each increase in cumulative withdrawal symptoms, (3) withdrawal-related discomfort, and (4) withdrawal-related relapse were each associated with lower odds of quitting smoking 3 years later compared with those without each of these symptoms (see Table 2 ). The global tests for significance of the interaction between race/ethnicity and withdrawal experiences were not significant for any withdrawal symptom (p = .446), withdrawalrelated discomfort (p = .07), or withdrawal-related relapse (p = .539) but was significant for cumulative withdrawal symptoms (p = .015). Results of that model showed that the relationship between cumulative withdrawal symptoms and quitting smoking, versus continuing smoking, was significantly different for non-Hispanic White respondents compared to non-Hispanic Black respondents (non-Hispanic White OR = 0.89, 95% CI = 0.87-0.91; non-Hispanic Black OR = 0.94, 95% CI = 0.91-0.97; interaction β = 0.059, p = .0002). There was no significant difference in the relationship for Hispanic respondents compared to non-Hispanic White respondents (Hispanic OR = 0.87, 95% CI = 0.83-0.92; interaction β = −0.019, p = .51). In the fully adjusted model, the difference in the relationship between cumulative withdrawal symptoms and quitting smoking for non-Hispanic Black respondents compared to non-Hispanic White respondents remained significant (β = 0.046, p = .005). For non-Hispanic White respondents, each additional withdrawal symptom was associated with a 6% decrease in the odds of quitting. There were no differences by race/ethnicity in the relationship between reporting at least one withdrawal symptom (p = .07), withdrawal-related discomfort (p = .54), or withdrawal-related relapse (p = .50) and quitting smoking. The relationship between each of the four withdrawal variables and quitting smoking was not significantly different for Hispanic respondents compared to non-Hispanic Black respondents (data not shown). Overall, Wald tests showed that all models evidenced good fit.
Discussion
Non-Hispanic White adults reported more withdrawal symptoms, withdrawal-related discomfort, and withdrawal-related distress than non-Hispanic Black and Hispanic adults, consistent with smaller and more geographically constrained studies. 5, 6 Withdrawal symptoms were associated with a lower odds of quitting smoking for all racial/ethnic groups, yet the relationship between withdrawal symptom number and lower odds of quitting smoking was significantly different for non-Hispanic White adults compared to non-Hispanic Black adults. Overall, withdrawal symptoms were more commonly reported by non-Hispanic White adults than non-Hispanic Black and Hispanic adults and these symptoms had a greater impact on failure to quit smoking for non-Hispanic White compared with nonHispanic Black adults.
Pharmacological and behavioral smoking treatments, most of which target withdrawal symptoms, are effective for smokers overall 16 and for non-Hispanic Black and Hispanic smokers specifically. [17] [18] [19] However, the majority of smokers do not use any type of treatment when quitting. 20 In addition, non-Hispanic Black and Hispanic smokers are less likely than non-Hispanic White smokers to report using pharmacotherapy when quitting and non-Hispanic Black adults report less positive attitudes toward the use of pharmacotherapy. 21, 22 Further, compared to non-Hispanic White participants, non-Hispanic Black participants are less likely to expect withdrawal symptoms when quitting, less likely to expect smoking treatment to be effective, and more likely to expect that there would be no problems when quitting. 23 While potentially all smokers should be encouraged to use pharmacotherapy, non-Hispanic Black and Hispanic participants may benefit from discussions of concerns, perceived barriers to use, and access to treatments while non-Hispanic White smokers may benefit from an assessment of past withdrawal symptoms and receiving greater intensity treatment for those who report a greater withdrawal symptoms. Research is needed to determine how these types of discussions would improve the use of smoking treatments and cessation outcomes.
There has been limited research on quit-related aspects of smoking for adults who identify as racial/ethnic minorities. 17 More research is needed to understand racial/ethnic differences in the expression and/ or experience of withdrawal, which treatments best manage withdrawal symptoms for diverse groups of smokers, and how management of withdrawal relates to short-and long-term abstinence. Past-year" refers to the 12 months directly preceding the Wave 1 interview. This study has a number of limitations. First, some racial/ethnic groups could not be included in the analyses (eg, American Indian). Second, results may not generalize to those who were not part of the NESARC study (eg, adolescents, non-US adults). Third, participants were asked to report withdrawal symptoms that occurred up to a year earlier and retrospective reporting can be impacted by recall bias. [24] [25] [26] [27] Fourth, response bias can occur as participation in epidemiologic studies has decreased over time [28] [29] [30] and there are mixed data regarding whether the decrease in participation has been associated with biased estimates of smoking. [28] [29] [30] [31] Fifth, data were limited to the variables collected at the two time points. No data were available for important aspects of smoking cessation attempts such as number and length of quit attempts, timing of changes in smoking, and treatments utilized.
Among US adults, non-Hispanic White adults were more likely to report withdrawal symptoms and evidenced a stronger relationship between withdrawal symptom number and lower odds of quitting. Developing a better understanding of racial/ethnic differences in withdrawal and cessation can help to tailor efforts to improve outcomes for smokers in various racial/ethnic groups.
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